Encoding predictive information and allocating visual attention according to the probability distribution is one of the marvelous achievements of our visual system. Unlike previous studies on object-based attention in which the validity of location-based cues and that of object-based cues covaried, we differentiate the two and examine whether our visual system can calculate the usefulness of the cue based on, separately and independently, the probability distribution of location on one hand and object that contains multiple locations on the other. We adopted the cueing paradigm with the double-rectangle display (Egly, Driver, & Rafal, 1994) and manipulated cue validity with respect to a particular location or the object as a whole. Results showed a spatial-cueing effect when location-based cues were informative and a same-object advantage when object-based cues were informative. We thus demonstrate here that different kinds of cue validity (location-based vs. object-based) determine different attention effects respectively (spatial-cueing effect vs. object-based advantage).
Introduction
Allocating limited cognitive resources to survival-relevant or informative stimuli has been functionally essential throughout human evolution, and attention serves as the first step in our visual system to optimally allocate resources for better use of limited capacity. Past studies using visual search and spatial cueing tasks have provided evidence for optimal attention deployment in our visual world. For example, studies on visual search have demonstrated that observers can allocate visual attention depending on the target-present probability of each location (Geng & Behrmann, 2002; Shaw & Shaw, 1977) and the repetition of the layout of distractors in the display (Chun & Jiang, 1998; Peterson & Kramer, 2001) . Similarly, in the popular spatial cueing paradigm of visual attention (Posner, 1980) , cue validity-usually defined as the probability that a target will appear at a given location-has also been manipulated to show that visual attention can be allocated to different locations optimally according to the probability assignment to locations (e.g., Muller & Findlay, 1987) .
Indeed, attention allocation was earlier described using metaphors such as an internal spotlight (Posner, 1980) , a zoom lens (Eriksen & Yeh, 1985) , and a gradient structure (Downing & Pinker, 1985) , all implying that attention operates in a location-based manner. Over the last two decades, however, growing evidence has shown that attention operates not only in a location-based but also in an object-based manner: Attention can select grouped parts across different locations together (i.e., an object) and then highlight the processing of information belonging to the selected object (Duncan, 1984) . Later studies have demonstrated the dissociation of location-and object-based attention, such that the two kinds of attentional selection in fact involve different types of working memory (Chou & Yeh, 2008; Matsukura & Vecera, 2009) , effects of reward (Lee & Shomstein, 2013) , time courses (Drummond & Shomstein, 2013; List & Robertson, 2007; Shomstein & Yantis, 2004) , mechanisms (Chou, Yeh, & Chen, 2014) , and brain areas (Fink, Dolan, Halligan, Marshall, & Frith, 1997; He, Humphreys, Fan, Chen, & Han, 2008) .
In our multiple-object visual world, location information is more relevant (e.g., searching for a hotel room) sometimes, whereas object information is more important (e.g., searching for a friend in a busy airport lobby) other times, and thus our visual system faces a problem in guiding attention based on either location or object. However, previous studies which showed that visual attention can be allocated optimally according to the probability assignment have all used locationbased cue validity as the manipulation (Druker & Anderson, 2010; Geng & Behrmann, 2002; Posner, 1980; Shaw & Shaw, 1977) , and little is https://doi.org/10.1016/j.visres.2017.11.008 Received 14 November 2014; Received in revised form 11 September 2017; Accepted 11 November 2017
